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 Abstract 
 Objective : The aim of this study was to evaluate the efficacy of a nutritional program, which 
is characterized by a different modulation of proteins, in adult patients with sarcopenic obe-
sity.  Methods: We studied 18 obese women aged 41–74 years. Obesity was diagnosed as fat 
mass > 34.8% and sarcopenia was defined when lean body mass was <90% of the subject’s 
ideal fat free mass. All subjects were randomly assigned to different nutritional interventions: 
Hypocaloric diet plus placebo (A) and hypocaloric high-protein diet (1.2–1.4 g / kg body 
weight reference / day) (B). Anthropometric measurements, body composition, resting en-
ergy expenditure, handgrip test, Short Physical Performance Battery (SPPB), and SF-36 ques-
tionnaire were evaluated at baseline and after 4 months.  Results : Weight significantly de-
creased in both groups. Women with high-protein diet preserved lean body mass compared 
to low-calorie diet and improved significantly muscle strength; SPPB score did not change in 
both groups. SF-36 test showed a significant change for general health after 4 months in 
group B.  Conclusions:  In our study, sarcopenic obese patients with high-protein diet showed 
an improvement in muscle strength. Furthermore, dietary protein enrichment may represent 
a protection from the risk of sarcopenia following a hypocaloric diet. 
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 Introduction 
 The term sarcopenia, derived from two ancient Greek words (sarcos and penia, i.e., ’flesh’ 
and ‘loss’), was used for the first time in 1989 by Rosenberg  [1] to describe the loss of muscle 
mass correlated with aging. Since then, the term sarcopenia defined a syndrome charac-
terized by a progressive and generalized loss of skeletal muscle mass and muscle strength, 
which is accompanied by a reduction in the quality of life and increased risk of disability and 
death  [2–3] . This definition of sarcopenia has been developed in 2010 by the European 
Working Group on Sarcopenia in Older People (EWGSOP) that suggests a different classifi-
cation staging as: ‘pre-sarcopenia’, ‘sarcopenia’ and ‘severe sarcopenia’  [4] . However, the 
growing elderly population and the increasing incidence of obesity in Western societies 
require more accurate studies to evaluate the prevalence of sarcopenia in this group and its 
related risks. Moreover, the prevalence of sarcopenic obesity is rising in obese adults due to 
an imbalance between lean mass, excess body fat and total body size that appears earlier in 
life, because of the disproportion between the even conserved lean mass when compared to 
fat mass and exceeding body weight that lean mass could support  [5] . 
 Most of the literature focuses on the obesity/poor muscle mass combination, usually 
defined as sarcopenic obesity. Sarcopenic obesity was defined for the first time in 1996 by 
Heber et al.  [6] as the combination of reduced fat free mass (FFM) evaluated by bioimpedance 
analysis (BIA) and fat mass excess, expressed as percent of body weight. In a recent review, 
criteria adopted by different authors partially overlapped. One of the main obstacles is repre-
sented by the definition of sarcopenic obesity and especially whether it should be based only 
on criteria of body composition or functional criteria should also be taken into account  [7] .
 Changes in body composition typically occur during the aging process: lean body mass 
tends to decline with age, accompanied by a relative increase of total adipose tissue with fat 
inﬁltration of muscles  [8] . Moreover, engagement in sedentary activities as well as unhealthy 
dieting may lead to the development of phenotypic aspects of sarcopenic obesity even in 
younger subjects  [9] . Chronic inﬂammation induced by obesity is the main factor accounting 
for additional depletion of muscle mass  [8, 10] . Furthermore, weight cycling is known to exert 
deleterious effects on body composition being responsible for a greater reduction of lean 
body mass during the weight loss phase than gain of lean mass when weight is regained  [11] . 
Even though sarcopenic obesity currently represents a serious public health concern, strong 
evidence supporting effective strategies for management is still limited, and a consensus for 
its diagnosis as well as treatment is far to be achieved  [5, 12] .
 There are only few studies in the literature screening for sarcopenia in obesity and its 
relationship with protein content of diet and protein supplementation with different study 
protocols  [13–16] . 
 The aim of this study was to evaluate the efficacy of a dietary program, which is charac-
terized by a different modulation of individual nutrients and proteins, on body composition, 
resting energy expenditure (REE), muscle strength, and quality of life in adult female patients 
with sarcopenic obesity.
 Material and Methods 
 We recruited 18 women, aged 41–74 years (mean age 55.0 ± 9.6 years) , (weight 103 ± 12 kg; height 158 
± 4 cm; BMI 41± 5 kg/m²), who consecutively underwent clinical evaluations at the Obesity Unit of the 
Department of Clinical Medicine and Surgery, Federico II University Hospital, in Naples, Italy. All patients 
satisfied criteria for sarcopenic obesity at entry.
 The presence of sarcopenic obesity was considered when the following two conditions were satisfied:
 – Fat mass > 34.8%  
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 – FFM was considered depleted if it was <90% of subject’s ideal FFM.  
 Considering that fat mass in normal-weight subjects corresponds to about 25% in women  [17–18] , ideal 
FFM was calculated in kg as the sum of: 75% of ideal body weight, plus 25% of excess weight, expressed as 
body weight exceeding a reference body weight with a BMI = 25 kg/m² (i.e., ideal FFM = 0,75 × ideal body 
weight + 0,25 × excess body weight)  [19–20] .
 At entry, percent fat mass and real FFM / ideal FFM was 53.4 ± 4.81 % (min 44.71%, max 59.43%) and 
0.83 ± 0.04 (min 0.75, max 0.89), respectively.
 The protocol of the multicenter study was approved by the Ethical Committee of the Azienda Ospedaliera 
Umberto I, Rome (prot. 166/12). All patients gave written informed consent for participation to the study. 
The study was carried out according to Helsinky declaration. 
 At the beginning of the study and after 4 months, we carried out the evaluation of the 18 patients (body 
composition, functional and quality of life assessments).
 Height was measured to the nearest 0.1 cm with a stadiometer; body weight was measured to the 
nearest 0.1 kg on a balance beam scale with participants wearing light clothes without shoes. BMI was calcu-
lated as weight (kg) divided per squared height (meters). Body composition was evaluated by BIA (Human 
IM Plus II – DS Medica, Milano, Italia). Circumferences were measured with a flexible steel tape to the nearest 
1 mm; arm, flex arm, thigh, and calf circumferences were measured on the left side of the body, and waist 
circumference was measured at the level of the natural waist, i.e., the narrowest part of the torso. Impedance 
for the whole body was measured at 50 kHz in the post-absorptive state, at an ambient temperature of 
22–24 ° C after voiding and after being in the supine position for 20 min. Bioimpedance index was calculated 
as the ratio squared height (m 2 ) / resistance (Ω). FFM was calculated by Kushner’s formula  [21] .  
 REE was measured by indirect calorimetry using a canopy system (V max29, Sensor Medics, Anaheim, 
CA, USA) at room temperature (23–25 °  C). The instrument was checked by burning ethanol while oxygen 
and carbon dioxide analyzers were calibrated using nitrogen and standardized gases (mixtures of nitrogen, 
carbon dioxide, and oxygen). All patients were in the postabsorptive condition (12–14 h fasting), lying down 
on the bed, in a quiet environment. Females were in the postmenstrual phase. After a 15-min adaptation 
period, oxygen consumption and carbon dioxide production were determined for 45 min. The inter-day coef-
ficient of variation (as determined in 6 obese individuals on subsequent days) was always less than 3%. 
Energy expenditure was then calculated according to the abbreviated Weir’s formula, neglecting protein 
oxidation  [22] .
 The hand-grip strength using the JAMAR Hydraulic Hand Dynamometer and the Short Physical Perfor-
mance Battery (SPPB) were performed in order to assess physical function and mobility. 
 The hand-grip strength was determined three times bilaterally with the Jamar dynamometer (in the 
second handle position) while the patient was in the standing position with the shoulder adducted in zero 
degrees of rotation, the elbow flexed 90 ° and the wrist in neutral position  [23] . The results of three measure-
ments were averaged for analysis. 
 The SPPB battery consists of three components of physical performance: i) chair stands, ii) standing 
balance, iii) gait speed. A score from 0 (poorest) to 4 (best) was assigned for each of these three components. 
The sum of the scores provided a composite score ranging from 0 to 12; physical performance was considered 
impaired when the total SPPB score was  ≤ 8  [24] .
 Quality of life was assessed by the administration oh the Short-Form Health Survey questionnaire 
(SF-36)  [25] .
 All subjects were randomly assigned to different dietary protocols and followed for 4 months: 
 (1)  Low-calorie diet (group A) plus placebo 
(2)  Low-calorie high-protein diet (1.2–1.4 g / kg body weight reference / day obtained with the addition of 
15 g daily of protein supplement) (group B). 
 The characteristics of the low-calorie diet A were: 
 – daily energy intake = metabolic rate (REE) -10% according to calorimetry 
 – protein intake : 0.8–1 g / kg body weight reference / day  
 – carbohydrates: 60–65% of whole kcal 
 – fat: to supply the required amount of energy, with 30% saturated  
 – sodium: 5- 6 g/day, or less than 5 g / day in hypertensive subjects.  
 The high-protein low-calorie diet B differed for protein content: 
 – energy = basal metabolic rate (REE) – 10% according to calorimetry 
 – protein intake: 1.2–1.4 g / kg body weight reference / day with 15 g of protein of high biological value 
for each main meal (breakfast, lunch and dinner)  
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 – essential amino acids < branched-chain amino acids < leucine equal to 15 g/day by administration of 
supplement;  
 – carbohydrate: 60–65% of kcal complex 
 – fat: to satisfy the required amount of energy; 30% saturated  
 – report non-protein kcal/g nitrogen = 100/1  
 – sodium: less than 5 g/day in hypertensive subjects.  
 Adherence to diets was evaluated by a 7-day dietary record at baseline and at week 4, 8, 12, 16, and was 
reinforced by the dietitians through counseling and phone calls every 2 weeks.
 All data were computerized and analyzed with a dedicated software (SPSS for Windows version 14 (IBM 
Corp, Armonk, NY, USA)). All results are expressed as mean ± SD. Student’s t-test for unpaired data was used 
to evaluate the differences between groups. Two-way analysis of variance (ANOVA) was performed to 
compare data between different groups. Wilcoxon and Mann Whitney test were performed for non-para-
metric data.
 Differences were considered statistically significant for p values < 0.05.
 Results 
 At entry, anthropometric measurements and body composition of the two groups showed 
no significant differences for age (group A vs. B: 58 ± 10 vs. 53 ± 8.9 years), weight (A vs. B: 
108 ± 10.2 vs. 99 ± 12.7 kg), BMI (A vs. B: 43.6 ± 4.3 vs. 39.2 ± 5.4 kg/m²), FFM (A vs. B: 47.7 
± 3.34 vs. 47.6 ± 2.45 kg), whereas fat mass (A vs. B: 59.9 ± 9.35 vs. 51.3 ± 10.9 kg) was signif-
icantly lower in group B.
 Changes in weight, body composition, and resting energy expenditure of 18 women 
divided into two diet groups after the 4 months of treatment are reported in  table 1 . 
 Table 1.  Body composition and REE in two groups of sarcopenic obese women after 4 months of treatment
Group A (n = 9) Group B  (n = 9)
baseline 4 months
(Δ %)
p ba seline 4 months
(Δ %)
p
Weight, kg 107.6 ± 10.2 103.5 ± 11.9
(–3.8)
0.05 98.9 ± 12.7 95.0 ± 13.3
(–3.9)
0.01
FFM, kg 47.7 ± 3.34 48.0 ± 2.83
(0.6)
n.s. 47.6 ± 2.45 48.7 ± 2.11
(2.3)
0.05
FAT, kg 59.9 ± 9.35 55.5 ± 10.7
(–7.3)
0.03 51.3 ± 10.9 46.3 ± 12.3
(–9.7)
0.01
FAT, % 55.4 ± 4.46 53.2 ± 4.8
(–4.0)
0.05 51.4 ± 4.52 48.0 ± 6.1
(–6.6)
0.05
AF, degree 5.6 ± 0.6 5.6 ± 0.5
(0)
n.s. 6 ± 0.5 5.8 ± 0.5
(–3.3)
n.s.
REE, kcal/day 1751 ± 175 1,708 ± 234
(–2.5)
n.s 1,678 ± 221 1613 ± 246
(–3.9)
n.s.
QR 0.85 ± 0.09 0.80 ± 0.05
(–5.9)
n.s. 0.86 ± 0.08 0.82 ± 0.02
(–4.7)
n.s.
REE/FFM, kcal/kg 36.7 ± 1.99 36.5 ± 3.04
(–0.5)
n.s 35.2 ± 3.64 34.4 ± 4.36
(–2.3)
n.s.
 Δ % = Percent change versus baseline.
Group A: low-calorie diet.
Group B: low-calorie high-protein diet (1.2–1.4 g / kg body weight reference / day obtained with the 
addition of 15 g daily of protein supplement).
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 Weight and fat mass significantly decreased (p < 0.05) in both groups after 4 months of 
dietary treatment.
 Women in group A showed a greater reduction of lean body mass compared to protein 
enriched diet (group A = –1.3 kg, group B = –0.5 kg; p < 0.05). Phase angle derived from BIA 
did not change significantly in both groups (group A = unchanged, group B = –0.2 °; not signif-
icant).
 REE did not change significantly in both experimental groups (A = –43 kcal/day, group
B = –65 kcal/day). The results are similar after correction for FFM (group A = +1.0 kcal/kg, 
group B = +0.4 kcal/kg). Respiratory quotient (RQ) is reported in  table 1 .
 Table 2 shows data on circumferences of the arm, flexed arm, calf, thigh, and waist that 
did not change significantly in the two groups after 4 months.
 Table 3 shows the results of the functional tests. Muscle strength measured by dyna-
mometry improved significantly in the group with protein supplementation (group A = 
unchanged, group B = +1.6 kg). The score of SPPB test did not change significantly in both 
groups (group A = –0.5; B = –0.01). The two groups did not differ after 4 months.
 Table 4 shows the results of the SF-36 test. The only significant change after 4 months is 
the score of general health in the group with high-protein diet (baseline vs. 4 months : 54 vs. 
63; p = 0.028); all other categories (physical activity, physical role limitations, physical pain; 
vitality, social activities; emotional role limitations, mental health) did not change signifi-
cantly in both groups. There were no statistically significant differences between groups after 
4 months of treatment.
 Table 2.  Body circumferences after  4 months of treatment in two groups of sarcopenic obese women
Group A (n = 9) Group B  (n = 9)
baseline 4 months
(Δ %)
p bas eline 4 months
(Δ %)
p
Arm, cm 39.7 38.3 (–3.5) n.s. 36.9 36.1 (–2.2) n.s.
Flex arm, cm 40.3 38.9 (–3.5 n.s. 37.4 36.6 (–2.1) n.s.
Calf, cm 41.0 39.9 (–2.7) n.s. 39.7 39.4 (–0.8) n.s.
Thigh, cm 56.7 56.1 (–1.1) n.s. 56.1 55.4 (–1.2) n.s.
Waist, cm 116.3 111.8 (–3.9) n.s. 102.7 101.7 (–0.1) n.s.
 Δ % = Percent change versus baseline. Group A: low-calorie diet. Group B: low-calorie high-protein diet 
(1.2–1.4 g / kg body weight reference / day obtained with the addition of 15 g daily of protein supplement).
 
 Table 3.  Functional parameters (hand grip and SPPB) after 4 months of treatment
Group A (n = 9)  Group B (n = 9)
baseline 4 months
(Δ %)
p basel ine 4 months
(Δ %)
p
HG, kg 16.4 ± 3.89 16.4 ± 3.33 (0) n.s. 16.6 ± 3.74 18.2 ± 3.56 (9.6) 0.01
SPPB 7.7 ± 2.6 7.2 ± 2.9 (–6.4) n.s. 10.1 ± 1.54 10 ± 1.45 (–1) n.s.
 Δ % = Percent change vs. baseline; HG = hand grip; SPPB = short physical performance battery.
Group A: low-calorie diet.
Group B: low-calorie high-protein diet (1.2–1.4 g / kg body weight reference / day obtained with the 
addition of 15 g daily of protein supplement).
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 Discussion 
 Management of sarcopenic obesity is becoming increasingly important since the elderly 
population, and also the prevalence of obesity in this group, is expanding in the western world 
 [26] . 
 There are only few studies in the literature, reporting nutritional intervention or physical 
rehabilitation in adult patients with sarcopenic obesity. First, there are many doubts about 
the adequacy of the recommended daily allowance (RDA) of dietary protein in older adults 
(0.8–1 g / kg body weight reference / day), although the protein intake is needed to maintain 
the nitrogen balance in the short term  [27] , but not for the maintenance of lean body mass. 
Current recommendations for protein requirement  [27] were determined according to 
studies performed in healthy individuals, and, to date, they may not be thoroughly adequate 
when considering relevant alterations in body compartments such as obesity in adult life or 
in a complex condition such as sarcopenic obesity.
 Although the RDA of protein is adequate to maintain weight, low-protein hypocaloric 
diets may lead to weight loss and sarcopenia, particularly inducing weight cycling when 
repeated. In the Health ABC Study Cohort study  [28] the highest intake of protein has been 
associated with a lower loss of lean body mass in participants who have lost weight in the 
3-year of follow-up. Participants who had kept the weight stable had lost less lean body mass 
than those who had lost weight. Finally, higher intake of protein was associated with increased 
lean body mass in individuals who had gained weight in the 3-year of follow-up.
 However, further research is required to confirm that intake of proteins higher than 
usually recommended is able to counteract the loss of lean body mass in sarcopenic obese 
subjects on low-calorie diets.
 In our study, the protein-enriched diet (1.2–1.4 g / kg body weight reference / day with 
15 g of protein of high biological value for main meals) improved both body composition and 
muscle strength in sarcopenic obese women. Patients with high-protein diet showed an 
increased muscle strength (score +1.6 kg) after 4 months of treatment. This result has, in our 
view, important clinical implications. Indeed, the assessment of muscle strength is a nonin-
vasive and low-cost method, and muscle strength requires special attention since several 
studies demonstrate that it could be a death predictor in the elderly  [29] . On the other hand, 
 Table 4.  Score of SF-36 test
Group A (n = 9)  Group B (n = 9)
baseline 4 months p ba seline 4 months p
Physical activity 65 61 n.s. 75 86 n.s.
Physical role limitations 50 58 n.s. 84 87 n.s.
Physical pain 38 61 n.s 57 68 n.s
General health 56 51 n.s. 54 63 0.03
Vitality 41 45 n.s. 58 58 n.s.
Social activities 58 58 n.s. 76 81 n.s.
Emotional role limitations 55 44 n.s. 66 66 n.s.
Mental health 45 49 n.s. 63 60 n.s.
 Δ % = Percent change versus baseline.
Group A: low-calorie diet.
Group B: low-calorie high-protein diet (1.2–1.4 g / kg body weight reference / day obtained with the 
addition of 15 g daily of protein supplement).
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the SPPB score was unchanged in the two groups. In our view this could be related to the rela-
tively short term of observation.
 One of the more significant findings emerging from our study is that sarcopenia was 
found in middle-aged obese subjects. Papers reporting similar results are rather rare  [30] . In 
line with the hypothesis that obesity produces low-grade inflammation and hormonal changes 
affecting muscle function and metabolism, even young people could have similar changes and 
meet the criteria for the diagnosis of sarcopenic obesity. Moreover, pronounced and prolonged 
inactivity together with frequently repeated unbalanced diets leading to rapid weight loss 
may deeply affect lean body mass.
 Another limitation of our study is the small sample size. Therefore, further studies are 
required in a larger population of obese women of middle age in order to determine the asso-
ciation between dietary protein intake and changes in lean body mass, which could have 
important implications for developing strategies for weight loss in these subjects and for the 
prevention of sarcopenia, one of the possible causes of physical disability associated with 
aging. 
 In conclusion, we are aware that a definition of sarcopenia requires a thorough evalu-
ation considering body composition, muscle strength, and physical performance, and other 
studies should be encouraged to confirm the effect of dietary protein enrichment in the 
treatment of sarcopenic obesity with a hypocaloric diet, particularly in younger age groups. 
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